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ABSTRACT 

Recently compact sized radiators are highly demand in modern car industries. The problem of heat 

dissipation, overheating, chocking of water and energy losses are commonly occur in existing radiator and greatly 

reduce the engine efficiency. In this experimental work, design and fabricate the compact size Dual core radiator. 

The changing of design parameter on Radiator fins, material, tube core and coolant flow arrangement may improve 

the heat transfer Co-efficient are thermal conductivity of existing one. The main focus of this project involves the 

fabrication of horizontal opposite flow with two directional pass dual core radiators which contain three tanks with 

flat tubes. The fins are arranged in vertical between the two flat tube arrangements. The centre tank is connected to 

upper hose and remaining tanks are connected to lower hose then Coolant flow pass from main tank to additional 

tanks opposite direction in horizontally. This arrangement is especially to increase heat transfer area, split to the 

pass direction and reduce the cooling time with compact size. The design values are theoretically calculated and 

improve the performance, then analyzed by standard parameter of existing radiator. 
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INTRODUCTION 

Modern automotive internal combustion engines generate a huge amount of heat. This heat is created when 

the gasoline and air mixture is ignited in the combustion chamber. This explosion causes the piston to be forced 

down inside the engine, levering the connecting rods, and turning the crankshaft, creating power. Metal 

temperatures around the combustion chamber can exceed 1000° F. In order to prevent the overheating of the engine 

oil, cylinder walls, pistons, valves,  and  other components  by these  extreme  temperatures,  it  is  necessary  to  

effectively dispose of the heat. 

It has been stated that a typical average-sized vehicle can generate enough heat to keep a 5-room house 

comfortably warm during zero degree weather (and I'm not talking about using the exhaust pipe). Approximately 

1/3 of the heat in combustion is converted into power to drive the vehicle and its accessories. Another 1/3 of the 

heat is carried off into the atmosphere through the exhaust system. The remaining 1/3 must be removed from the 

engine by the cooling system. Modern automotive engines have basically dumped the Air Cooled System for the 

more effective Liquid Cooled System to handle the job. In a liquid cooled system, heat is carried away by the use 

of a heat absorbing coolant that circulates through the engine, especially around the combustion chamber in the 

cylinder head area of the engine block. 

The coolant is pumped through the engine, then after absorbing the heat of combustion is circulated to the 

radiator where the heat is transferred to the atmosphere. The cooled liquid is then transferred back into the engine 

to repeat the process. Excessive cooling system capacity can also be harmful, and may affect engine life and 

performance. You must understand that coolant temperatures also affect oil temperatures and more engine wear 

occurs when the engine oil is below 190° F. An effective cooling system controls the engine temperature within a 

specific range so that the engine stays within peak performance. 

Cooling system functions: Temperatures in the combustion chamber of the engine can reach 4,500 F (2,500 C), so 

cooling the area around the cylinders is critical.  Areas around the exhaust valves are especially crucial, and almost 

all of the space inside the cylinder head around the valves that is not needed for structure is filled with coolant. If 

the engine goes without cooling, the metal got hot enough for the piston to weld itself to the cylinder.  This usually 

means the complete destruction of the engine. The cooling system removes enough heat to keep the engine at a safe 

temperature for best performance.  A secondary function of the cooling system is to provide interior cabin heat 

during cold winter. 

Summary of literature review: In the literature survey it is observed that, A survey of literature indicates that very 

few experimental and theoretical studies are available  factors  of  conventional  core  tube,  fluid  flow,  and  nature  

of  pass,  conduction, convections, thermal conductivity, effectiveness and fins array of dual pass core radiator. 

Hence, an experimental and theoretical investigation of the natural convection heat transfer from two geometric 

orientations of dual pass horizontal flow opposite direction core radiator design and fabrications are to be 

developing and compare with existing and compact in size are presented in this paper. 
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MATERILS AND METHODS 

Description of problem: From the laws of thermodynamics, we know that heat transfer increases as we increase 

the surface area of the radiator assembly. That said, the demand for more powerful engines in smaller hood spaces 

has created a problem of insufficient rates of heat dissipation in automotive radiators. As a result, many radiators 

must be redesigned to be more compact while still having sufficient cooling power capabilities.  This application 

proposes a new design for a smaller radiator assembly. The new design is capable of dissipating the same heat as 

the original, given a set of operating conditions. 

Dual pass core radiator: The radiator consist of three coolant tank and two shell arrangement.  The middle tank 

Connected with hot water inlet from engine. Remaining two tanks are connected with both end of core with fin 

arrangement. The two tanks are connect in single hose. It the hose is inlet of the water pump. The pressure cap fix 

in top of the middle tank. 

2.3. Flow meter 

The meter connected between the hot water out let from the engine and inlet of the radiator 

  
Figure.1.Proposed Dual Pass Core Radiator Figure.2.Coolant flow meter 

 

Thermometers: The meters connected with radiator inlet and outlet passage. Temperature rating upto 200°C. 

Engine specifications 

 

 

 

There are two primary Methods for modeling of heat exchanger: The F-LMTD method and the effectiveness-

NTU method.  The  F-LMTD  method  is derived  from  the  analytical  method  for  calculating  the  performance  

of a  parallel-flow  heat exchanger. The product of overall heat transfer coefficient and the area is defined as the 

inverse of the overall thermal resistance of the heat exchanger. For heat exchangers other than parallel flow heat 

exchangers, the log-mean temperature difference does not perfectly describe the mean average temperature 

difference. For those other configurations, the formula is modified by multiplying the formula by a correction 

factor F. Correction factors for common heat exchanger configurations such as single and multi-pass radiators. 

Tube Dimensions 

 Length of the tube (L)   = 360 mm  

 Breath of the tube (B)   = 12 mm  

 Width of the tube (W)   = 3 mm  

 Total Number of tubes in one shell (n) = 20 

 Total number of tubes in radiator   = 40 

 Number of rows     = 20 (per one shell)  

 Number of column    = 02 

 Cross sectional area of one tube  = 0.012 x0.003 = 3.6 x 10-5 m2 

 Volume of one tube    = (0.36 x 0.012 x0.003) = 1.296 x 10-5 m3 

Design Parameters for Radiator Shell 

  
Core tube with fins and coolant tank 
Length of the shell (L shell) =360 mm 

Width of the shell (W shell) =50 mm 

Engine Type No of Cylinder Engine Speed Water Pump Speed 

MPFI 4 3000 rpm 0.5 Lit/sec 
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Height of the shell (H shell) =80 mm 

No. of the shell (N shell)  =02 mm 

Design Parameters for Coolant Main Tank 
Number of tank   =03 

Main reservoir   =01 

Breadth of the main tank (B mtank) =70mm 

Width of the main tank (W mtank) =40mm 

Height of the main tank (H mtank) =100mm 

Volume of the main tank (V mtank) = (0.07 x 00 x 0.01) =-2.8 10-5 m3  

Design Parameters for Coolant Additional Tank 
Additional (reservoir)    = 02 

Breadth of the additional tank (B addt. tank)  = 40 mm  

Width of the additional tank (W addt. tank)    =60 mm  

Height of the additional tank (W addt. tank)  = 100 mm 

Volume of the additional tank (V addt. tank)  = (0.04 x 0.06 x 0.1) = 0.24 x 10-3 m3 

Total volume of two additional tank           = 4.8 10-4 m3 

Design Parameters for Fins 
Thickness  (tf)  = 0.5 mm  

Length of the fins (Lf)  = 50 mm  

Height of the fins (Hf) = 84 mm  

Arrangement    = Vertical 

Fins to Fins distance  =2mm 

Design calculations and results: 

1. Area of Tube  D hydraulic     = 
4𝐴 𝑇𝑢𝑏𝑒

𝑃 𝑇𝑢𝑏𝑒
= 4.8 × 10−3𝑚 

2. Velocity; V water     =    
𝑄 𝑤𝑎𝑡𝑒𝑟

𝑁 𝑡𝑢𝑏𝑒 ×𝐴 𝑡𝑢𝑏𝑒
 

 

3. Reynolds Number of air; Re air  = 
ρ Water.V Water.D hydraulic

µ  Water
= 22.7477 x 103 

4. Nusselt Number = Nuair = 0.664(Re.air)0.5 x (Pr.air)0.333 = 59.87 

5. Convective Heat Transfer Coefficient for Water Flow h water = 
Nu water.K water

𝐷 ℎ𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐
=  5177.482 W/m2. K 

6. Velocity of air; V air =
Q air

radiator – (N tube.H tube.L radiator)
 = 4.4704 m/s 

7. Reynolds Number of air; Re air = 
𝑉 𝑎𝑖𝑟 ×𝑊 𝑓𝑖𝑛

𝑉 𝑎𝑖𝑟
 =13.96 x 10 

8. Nusselt Number of air; Nu air = 0.453 (Re. air)0.5 x (Pr.air)0.333 = 46.832 

9. Convective Heat Transfer Coefficient for Air Flow; h air = 
Nu air.K air

W tube
=107.55 W/m2K 

Average heat transfer coefficient (for laminar flow) = 2h air 

10. Fin efficiency ηfin=
tanh (m Lc)

𝑚.𝐿𝑐
= 97.4 

 

CONCLUSION 

The efficiency of the internal combustion engine cooling system depends mainly on the performance of its 

units. The main unit in this system is the radiator.The new idea for Dual pass radiator to increase heat transfer area, 

split to the pass direction and reduce the cooling time with compact size. So recommended to implement in this 

new design compact size in modern car industries. It is reported that Dual pass core radiator is more efficient when 

compared with the single pass core radiator.  Due  to  increase  the  area  in  linearly  so  that  heat  transfer  rate  is 

increase.
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